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Abstract 

We study the holographic and agegraphic dark energy models with the observational Hubble parameter data 
(OHD), the Union2 data set of type la supernovae (SNIa), and the energy conditions. Scenarios of dark energy 
are distinguished by the cut-off of cosmic age, conformal time, and event horizon. The joint constraint from 
observational data gives Q m o = 0.22 + 0.03, and c > 5.92 for age cut-off, Q m o = 0.2 + 0.03, and c > 6.43 
for conformal time cut-off, and f2,„o = 0.22*?'?1 and c = 0.84*q}| for event horizon cut-off. Our results show 
that the two former models finally reduce to ACDM model, but the latter is different from ACDM model. 
Comparing with the energy conditions, we find that SEC is fulfilled at redshift z > 0.3 with lcr c onfidence 
level, and z > 0.5 with 3<x confidence level, which is well consistent with the result reported by IWu et al.l 
(120121) . Notably the null energy condition is showed to closely track the data constraints, thereby distinguishes 
itself from other energy conditions. 

Subject headings: cosmology: theory — dark energy — cosmology: observations 



1. INTRODUCTION 

An accelerated expansion of the universe is suggested 
by independent cosmolo gical probes su ch as the supernova 
(SN) la o bservations dRiess et al.l [l998h . large scale struc- 
ture (iTegmark et al.l 120041) . and cosmic microwave back- 
ground anisotropics (CMB) (fSpergel et al. 2003). Dark en- 
ergy models are generally perceived as theoretical expla- 
nations of this acceleration. Observations such as the 
2dFGRS, the SDSS, CMB measurements and other cos- 
mological data show that our universe consists of about 
5% normal matter, 25% dark matter, and 70% dark en- 
ergy. When it comes to the 70% dark energy, theories 
are always active in the front. Many candidates are pro- 
posed for an interpretation of the dark e nergy, inc luding 
the c osmological constant, quintessence ( Peebles & Ratra 
1988), K -essence ([A rmenda riz-Picon et al.l 120001). t achvon 
( Padm anabhanll2002|). pha ntom (ICaldwell et alJl2003[). ghos t 
condensate dPiazzal 120041) and quintom (jFeng etaiT 12005). 
Despite the effort on a viable theoretical formulation of dark 
energy, its nature remains open to interpretations. 

The confrontation of theories and data, however, is not all 
one may perform in the face of the proliferation of dark energy 
proposals. One of the many interesting approaches makes use 
of the so-ca lled energy conditions . These conditions were in- 
troduced by Hawkin g et al.l d 1975b as coordinate-invariant in- 
equality constraints on the energy-momentum tensor that ap- 
pears in the Einstein field equation. Due to their simplicity 
and model independence, the energy conditions ar e frequentl y 
discussed in the general context of gravitation (Wald 19841) . 
Of the many proposed energy conditions, the ones we employ 
in this paper are the null, weak, strong, and dominant energy 
conditions (abbreviated respectively as NEC, WEC, SEC, and 
DEC). The energy conditions in the setting of a homogeneous 
and isotropic Friedmann-Robertson- Walker (FRW) universe 
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summarized by Carroll (2004, Chapter 4) can be expressed in 
terms of the energy density p and the pressure p as following: 



NEC 



p + p > , 



WEC : p > 



and p + p > , 



SEC : p + 3p > and p + p > , 



(1) 



DEC 



p>0 



and 



The energy conditions has bee n useful in disc ussing the 
general property of fluid models (IWu et al.l [2012. and refer- 
ences there in). The energy condit ions were applied to cos- 
mology by IVisserl (Il997albl [2000). It has been shown that 
constraints on a variety of cosmological variables or param- 
eters can be predicted from the energy conditions, such as 
the Hubble parameter, luminosity an d angular diameter dis- 
tances, lookback time (IVisserlll997bl) . total density parameter 
Q(z), energy density p(z), and pressure p(z) (Catt oen & Visserl 
2008). In a word, the energy conditions have been an useful 
tool for our understanding of the Universe's evolution. 

Unlike first-principle laws of physics, the energy conditions 
are not expected to hold a priori, nor are they found to do so 
from data. It has been shown that the WEC and DEC are 
fulfilled for z < 1 and z < 0. 8 by supernova d ata with 3cr 
confidence levels, respectively dLima et aTl l2008). Neverthe- 
less, SEC violat ion is a typica l trait of a positive cosmologi- 
cal constant A (|Li et alJ l201 1) and other dark energy models 
dSchuecker et al.ll2003lK It is also said that the WEC violate 
the quantum field theory due to arbitrarily negative renormal- 
ized energy density may occur at some points of spacetime 
(Epstein et al. 1965). If extended regions of large negative en- 
ergy density emerge in the nature, exotic and possibly undesir- 
able phenomena may be allowed, ranging from violations of 
the second law of thermodynamics and cosmic censorship to 
the cr eation of time machines and warp drives (Fewst er et al.l 
[19981) . 

Recently, IWu et al.l (120121) studied the likelihood of energy 
condition violations in the history of the universe. They found 
that the data suggest a fulfillment of null and dominant en- 
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ergy conditions, but a violation of strong energy condition, 
especially for low redshift (z < 0.3). They also noted the 
difficulty of assessing the possibility of SEC violation at the 
high redshift. Moreover, their result for SEC hints at a recent 
transition from deceleration to acceleration with the transition 
redshift z ~ 0.5 under the ignorance of bias at the high red- 
shift. Therefore, the SEC fulfillment appears disfavored as a 
test for cosmological models. On the contrary, a dark energy 
model is expected to reproduce its violation for recent eras of 
cosmic evolution. 

We shall in this paper analyse a set of dark energy mod- 
els from the holographic family in the context of energy con- 
ditions. The models are based on the holographic principle 
dLil2004l) with inspiration drawn from the Bekenstein entropy 
bound. In an effective quantum field theory, the total entropy 
in a box of size L wit h UV cut-off A relating to th e quan- 
tum zero-point energy (ISusskindll 1 995t I' t Hooft3l200 ll) should 
satisfy the relation 



2 r 2 



Z/A J <S B h = nMiL 



(2) 



where S bh is the entropy of a black hole within the same 
size as L, and M„ = 1 / V8ttG is the reduced Planck mass. 
iCohen et al.1 ( 119991) suggested that a short distance cut-off in 
quantum field theory is related to a long distance cut-off, due 
to the limit set by formation of a black hole. If pa is the quan- 
tum zero-point energy density caused by a short distance cut- 
off, the total energy in a region of size L should not exceed the 
mass of a black hole of the same size, namely, L 3 p^ < LM 2 p . 
The largest L allowed is the one saturating this inequality. 
There fore, the zero-point energy density should satisfy (O 
12001) 

p A = 3c 2 M 2 p L- 2 . (3) 

Here, c is a dimensionless constant indicating the abundance 
of matter or dark energy component. It should not be con- 
fused with the speed of light. The choice of the cut-off L 
serves to distinguish different models within the holographic 
family, and several cosmological scales have been proposed 
as the cut-off. Models corresponding to spatial scales, e. g. 
the Hubble horizon, the particle horizon or the event horizon, 
are customarily called holographic dark energy models; other 
models corresponding to temporal scales, e. g. the age of the 
universe or the conformal time, are dubbed agegraphic dark 
models. The agegraphic dark energy model i s also pointed 
out to be classically unstable (Ki m et alJl2008h . In addition, 
the determination of constant c is still a difficult problem in 
some of these models. 

This paper is organized as follows: In Sec. |2]the basic ex- 
pansion rate for general holographic and agegraphic dark en- 
ergy models (collectively abbreviated as HDE) is derived and 
calculated for different choices of the IR cut-off. Proceeding 
to Sec. [3] we subject the models to our data constraints and 
energy condition analyses. Our main results and discussions 
are presented in Sec. U 

2. HOLOGRAPHIC AND AGEGRAPHIC DARK ENERGY 
MODELS 

In thi s section we co nsider the HDE models without inter- 
action (IWu et al.l 120081) between the dark energy and matter 
(including both baryon matter and cold dark matter). The 
Friedmann equation f or a spatially flat FRW mo del ignoring 
the radiation reads (020041 IZhang & Wull2007l) 



By introducing Q m = p,J(3M I H I ) and Q A = p A /(3M 2 H 2 ), 
the Friedmann equation can also be cast as Q. m + Qa = 1. 
With the dark energy pressure p - a>p and cold dark matter 
pressure p = 0, the total pressure p is given by 

p = 3M 2 p toc 2 L- 2 , (5) 

where to is called the equati ons of state (EoS) parameter- 
Following previo us works (Li 2004; Setare 2006; IZhai et aD 
1201 UlChen et al.ll201 lb . the continuity equations for dark en- 
ergy and matter respectively are 

p m + 3H(l + o) m )p m = 0, p A + 3H{\ + u A )p A = 0, (6) 

where a dot above denotes the derivative with respect to the 
cosmic time t. Connecting Eqs. (@]i and © we can obtain 



2M 2 H + 3M 2 H 2 + oj m p m + co A p A = 0. 



(7) 



By virtue of a> m = 0, the EoS of HDE, with the help of the 
second equation of Eq. ©, can be expressed as 



-1 



1 Pa 
3H p A 



-1 



3HQ.A 



2D. K dH d£l A ' 
+ 



H dt 



dt 



i 2 ld\nH ldlnQ A 
3\d\na 2 din a 

Applying the EoS of HDE, Eq. (O reduces to 
dlnH 1 Q A dlnQ. A 3 

d\na 2 (1 - Qa) d\na 2 
Meanwhile, we get the Hubble parameter H(z) = HqE(z) with 
Eq. ([8]) and Friedma nn equation Eq. fi} , where the expansion 
rate E(z) is given bv ( IZhai etalj|201 11 



= 0. 



(8) 



(9) 



E\z) = Q m0 (l + z) 3 + ^ao exp 



Jo 1+z' 



dz' 



(10) 



Here the subscript "0" denotes the present value of a quantity. 

To further quantify a model, a choice of the IR cut-off is 
needed. Scenarios summarized bv lChen et al.l ( 1201 11) contains 
the Hubble horizon, the particle horizon, the event horizon , 
the age of the un iverse and the conformal time dXu et al.l2010t 
IZhai et afluOl ll) . However, an accelerating expansion of the 
universe cannot be achieved when the Hubble horizon or the 
particle horizon is chosen as the IR cut-off. In this paper, we 
mainly aim at the last three scenarios. Recently, IZhai et all 
( 1201 ll) investigated four of them and found that the event hori- 
zon is more preferable than Hubble horizon scenario. How- 
ever, both two temporal scenarios better recovers the ACDM 
model than the spatial scenarios. In our following calculations 
we shall choose such dimensions and units that the speed of 
light cl = 1 . Our final results will be presented in dimension- 
less quantities. 

2.1. Cosmic age cut-off 
The first scenario, the cosmic age cut-off, is defined as 



fA 



f , C a da' 



In this case, the age of universe is considered as a time scale. 
The corresponding spatial scale is obtained after multiplica- 
tion by the speed of light, which we have chosen to be c L = 1 . 
According to Eq. OJ the resulting dark energy density is 



Pm + Pa — 3M 2 p H 2 . 



(4) 



p A = 3c 2 M 2 p t- 2 . 



(12) 
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With the dark energy density parameter £2 A = p A /(3MpH 2 ) 
and the definition Eq. ( fTTT i. one finds 



f 

Jo 



,a dlna' _ c jl 



(13) 



Taking the derivative with respect to In a, a differential equa- 
tion is derived 

dlnH 1 dlnQ. A ^/^^ ^ ^ 



+ -- 



= 0. 



dlna 2 dlna c 
Then, from Eqs. © and (fT~4T >. the evolution of Q A can be 
found to satisfy 



= -2Q A (1 - Q A ) I- - |(1+ zT l 



(15) 



Meanwhile, the EoS for HDE can be obtained from Eqs. (0 
and (O 2 

w A = — (16) 

3c 

Accelerated expansion requires c > VQa. in order to sat- 
isfy w < -1/3. When the constant c approaches infinity, the 
ACDM model is recovered. The expansion rate under this 
scenario can eventually be determined by Eqs. (fTOt and ([TBI . 

2.2. Conformal time cut-off 

The second scenario we shall consider is the conformal time 
as the IR cut-off. It is in the form 

f df C a da' 

Jo a Jo Ha' 1 
which is the total co moving distance that light could travel 
(Mvung & Seo 2009). In this case, the conformal time is con- 
sidered as a temporal scale, and we can again convert it to a 
spat ial s cale to be used as the IR cut-off L. Analogous to Sec- 
tion l2.1l we obtain a differential expression of fi A with respect 

tolnfl: dlnH ldlnO A a/Ha" . 

+ -— + = 0. (18) 



dlna 2 dlna ac 
We can go further with the aid of Eq. d9): 



dQ. A 

dz 



= -2£l A (l-£2 A ) 



(19) 



The EoS for HDE can be obtained from Eqs. (O and dT8l 

2 vni 



-(l+z)-T 



(20) 



which corresponds an acceleration when c > VQ A (1 + z). 
With c — > oo it will also recover the ACDM model. The cor- 
responding expansion rate Eq. (fTUt of this scenario can also 
be solved. 

2.3. Event horizon cut-off 

For our last model, we consider the event horizon 
(Bhattach arya & Debnathll201 ll) given by 

f 00 df r da' 

"'"■J, m" a l a*- <21) 

which is the boundary of the volume a fixed observer may 
eventually observe. We now identify this scale as the cut-off 
length L as it appears in Eq. (01. With the introduction of 
dark energy density parameter Q A , and performing the same 
analysis, we obtain the relation from Eq. (l2"Tt 



a 



dlna' 
Ha' 



c 
TTa 



(22) 



Taking the derivative with respect to In a of Eq. ( l22b . we get a 
differential equation 



dlnH lrflnQ A 
+ -■ 



Vol 



- 1. 



dlna 2 dlna c 
In this manner we further obtain the evolution of D A from the 
above Eqs. <j9j and ( |23l 



dz 



-2Q A (1 



£ - a)I 5 



(24) 



Same as the other scenarios but for Eqs. (|8) and (|23> . the EoS 
for HDE is found to be 

o»a = ~(|V5a + iJ- (25) 

Obviously, the acceleration condition to < -1/3 is satisfied 
as long as c > 0. With c — > oo, we have a> — > -1/3. This 
is distinguished from the previous two scenarios. As with the 
other models, the Hubble expansion rate E(z) shall follow eas- 
ily. 

3. OBSERVATIONAL CONSTRAINTS AND THE 
ENERGY CONDITIONS 

Holographic and agegraphic dark energy models have been 
exami ned using various ast ronomical o bservations, such a s 
SNIa dHuang & Gondl2004l) and CMB (Enq vist et ai]|2005l) . 
among others. Indeed, constrain t on HDE from OHD is 
also performed (lYi & Zhangl 12007; Zha i et aLll201 ll) . Using 
the OHD and x 2 statistics, the authors gave the best-fit val- 
ues of parameters O,„o and c, suggesting that c < 1 is fa- 
yored. Various e stimat i ons of the c parameter has been mad e 
dHuang & Gond 12001 iKao et aUl200l iZhang & WvJ[2007h . 
however there appears to be little consensus about its precise 
range. The constant c is a key parameter in the HDE model 
which determines the evolutionary behavior of the spacetime 
and the ultimate fate of the Universe. In this paper, we there- 
fore try to use the current OHD and SNIa with the energy 
conditions for a further study. These two datasets are sensi- 
tive to the cosmic evolution in the dark energy-dominated era 
and turn out to form good complementary constraints. 

3.1. Hubble parameter 

Observational Hubble parameter data (OHD) can be mea- 
sured through the ag i ng of passively evolving galaxies 
dJimenez & Loe b 2002; Simon et al.ll2005b IStern et alJl2010t 
Mores co et al.l l2012|) and the baryo n acoustic oscillation 
(BAO) effect dGaztanaga et al.l 120091) . Recently, four OHD 
points have also been obtained by adopting the diff erential age 
metho d from the 7th data release (DR7) of SDSS ( IZhang et all 
120121) . OHD have presented their v alue in the standa rd cos- 
mological model dLin et all [2009t IStern et all I20T0I). vari- 
ous other FRW models ([Samushia & Ratra 2006; Zhan g et al.l 
l2^IZhaTet^ni20Tl. and even the Lemaitre-Tolman-Bondi 
(LTB) void models dWang & Zhangl 120121) . The potential of 
future OHD observations in constraining FR W models is ex- 
plored via simulation in (Ma & Zhang 2 01 ll) . 

By the x 2 statistics, one can get the best-fitting values of the 
parameters and its corresponding confident regions 



X 2 (H ,z,p) = Y, 



[H E( Zi ) - H obs (zi)] 



(26) 



where p stands for the parameter vector of each dark energy 
models and Hq = 74.3±2.1 km s~' Mpc~' is the prior which is 
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a 2.8% precision measurement suggested by Freedman et al. 
J20T2|) . 

3.2. Luminosity distance 

We also appl y a rich and widely use d SINa sample, the 
Union2 dataset ( Amanu llah et alJ uOlO). The data are pre- 
sented as tabulated distance moduli with errors. By definition, 
the luminosity distance modulus is the difference between the 
apparent magnitude m and the absolute magnitude M defined 
by 

tf\ z ) = m «\ z ) - M - 5 log D L (z) + A), (27) 

where po = 42.38 -5 log/i, and h is the Hubble constant Ho in 
units of 100 km s Mpc . The luminosity distance function 
Di(z) in a flat space can be expressed as 

D L (.z) = (l+z) f , (28) 

Jo E(z';p) 

where the dimensionless Hubble expansion rate E(z'; p) is 
connected through Eq. dlOt . While the observational distance 
modulus is also given by 



p° bs {z) = m ob \z) - M. 



(29) 



The parameters in theoretical models are determined by min- 
imizing the expression 



X 2 (H ,z,p) = J] 



[p 0DS {z)-p m (z)Y 
°j(z) 



(30) 



where <x ; is the uncertainty of distance modulus given by 
the data. The parameter po is a nuisance parameter but 
independent of the data points. Generally, one can per- 
form an uniform marginalizati on over hq. However, we can 
carry out an alternative way dDi Pietro & C laeskens' 120031 
iNesseris & Perivolaropoulos 2005; iPerivolaropoulosI 12005b . 
The x 2 of Eq. (l30l with respect to fig can be written as 



X 2 ( z ,p)=A-— , 



B 1 



where 



i 



[fi obs (z)-p' h (z;po = 0,p)Y 
oj(z) 

ti obs (z)-p. ,h (z;p = 0,p) 



(31) 



(32) 



By the equivalence between Eqs. (f30b and OTb . we can instead 
minimize x 2 which is not explicitly dependent on p.Q. 

3.3. Energy conditions 

By virtue of the Eqs. ||3}, © and (0, the energy conditions 
can be expressed in the below forms. The NEC suggests 



1 + cuQ A > 0, 



(33) 



the WEC 



the SEC: 



3M l p H l > and 1 + wQ A > 0, (34) 



1 + 3u)Q A >Q and 1 + wQ A > 0, (35) 



the DEC: 

3M 2 p H 2 > 0, 1 + wO A > 0, and 1 - coQ A > 0. (36) 

Because of the non-negativity of 3M 2 H 2 , WEC eventually re- 
duces to NEC. 

Assuming the energy conditions, some bounds can be 
placed on parameters a> and Qa. Furthermore, the EoS pa- 
rameter a> can be constructed from parameters £2a (or Q,„) 
and c, which will be shown in next section. Thus, the energy 
conditions actually provide a series of constraints on parame- 
ters Q. m and c. Note that the dark energy component Qa varies 
with redshift z, and its evolution has been shown in the above 
section. This means that we cannot expect the energy condi- 
tions to be constantly fulfilled or violated. 

3.4. Joint data constraints and energy condition bounds 

Having carried out the x 2 analysis with our three models, 
we are able to report the resulting constraint on the parame- 
ters, as shown by Figure Q] As can be seen from that figure, 
the OHD and SNIa sets display fairly good complementarity, 
despite some trouble with bounding the c parameter. Together 
they are able to reduce the parameter degeneracy and give us 
satisfactory bounds on £2„,o for all the three models. Even 
if they cannot always bound the parameter c, when used to- 
gether the data improves our lower estimate of its possible 
range by a significant margin. 

For the cosmic age cut-off 'model, we find Q„,o = 0.22 ±0.03 
and c > 5.92 at 68.3% confidence level with x 2 = 567.7. 

^min 

For this model the constant c cannot be bound from above 
by our data. The energy conditions bounds at redshift < 
z < 0.5 are shown in Figure [2] As for the energy conditions, 
we find that both NEC and DEC are trivially satisfied by the 
constrained regions for the entire redshift range. However, the 
data are in tension against SEC fulfillment at redshift z = 0. In 
addition, we plot the evolution of the SEC bound at different 
redshift. We find that SEC is fulfilled at redshift z > 0.3 with 
lcr confidence level, and z > 0.5 with 3<x confide nce level, 
which is well consistent with the result reported by IWu et al.l 
J20T1 . 

For the conformal time cut-offmodel, constraints from data 
and the energy conditions are shown in Figure [3] The joint 
constraint for OHD and SN gives Q m0 = 0.2 + 0.03 and 
c > 6.43 at 68.3% confidence level with x 2 = 568.4. NEC 

"nun 

and DEC are almost kept stably consistently for the redshift 
range. This is same as the situation in age of universe cut-off. 
Moreover, an analogous result for SEC is obtained. That is, 
SEC is valid when redshift z > 0.3 for lcr confidence level. 

Finally we perform the x 2 analysis on the event horizon cut- 
off model and obtain the best-fit result Q„,o = 0.22^J^ and 
c = 0.84 + !! |4 at 68.3% confidence level, with x 2 ■ = '566.3. 

—0.12 ' ^min 

The constraint is consisitent with c < 1 at lcr confidence level. 
Comparison with energy condition bounds is shown in Figure 
[4] We note that NEC can give a much more meaningful bound 
for this scenario, especially at z = 0. For SEC, a familiar 
result is obtained, i. e. fulfill data at redshift z > 0.3 with Icr 
confidence level, and z > 0.5 with 3cr confidence level. 

4. CONCLUSION AND DISCUSSIONS 

We perform x 2 statistics using OHD and SN Union2 data 
set. The best-fit value of matter density for the three scenarios 
almost steadily located at £2„,o = 0.22 with lcr confidence 
level. The main results are shown in Figure Q] It turns out that 
c cannot be constrained with a closed region for the age and 
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Figure 1. Constraints on parameters (Sl m o, c) from OHD and SN for the three 
models. The dashed and dotted contours are obtained from SN and OHD 
respectively. The solid contours are joint constraints for OHD and SN. The 
contour levels correspond to 68.3%, 95.4% and 99.7% confidence regions. In 
the calculatio n of constraint from OHD, the latest measurement Hq = 74.3 ± 
2.1 is used (Freedman et al. 2012). The cut-off scenarios are indicated in the 
figure labels (a) to (c). 




z=0 
/> SEC 



DEC 
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n„,„ 

Figure 2. Observational constraints and the energy condition bounds for the 
cosmic age cut-off. The solid contours correspond to the joint constraint from 
OHD and SN data. Energy conditions bounds are labeled by redshift, and ar- 
rows point to the direction where the conditions are (or use to be) fulfilled. 
NEC bounds cover the whole parameter space, which is too trivial to be plot- 
ted. Constraint from SEC changes evidently with redshift, but constraint from 
DEC barely changes. Since constraints from the energy conditions are red- 
shift dependent, i. e. constraints on Q m (z), we have transferred the unit into 
the current parameter space (fl,„o, c) according to the evolution of matter. 
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Figure 3. Same as Figure [5] but for the conformal time cut-off. Analogous 
results for SEC are obtained. 
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Figure 4. Same as Figuref2]but for the event horizon cut-off. Dashed curves 
show the boundaries of constraint from NEC. 
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conformal time cut-off. As discussed above, these two models 
eventually approaches the ACDM model. The constant c = 
[2 is obtained from joint data constraint for the event 
horizon cut-off, which shows its difference from the ACDM 
model. 

The energy conditions turn out an useful approach to the 
study of cosmology, because of its model independence and 
universality. In our analysis, we superimpose the energy con- 
ditions bounds on the constraints from observational data as 
done in Figures [2] [3] and|4]at different redshift. In these sce- 
narios, we find that SEC is fulfilled at redshift z > 0.3 with 
lcr confidence level, and z > 0.5 with 3cr confide nce level, 
which is well consistent with the result reported by IWu et"aH 
( 20121). Note that SEC is violated c urrently, which is expected 
( iLima etal .1120081: IWu et al.ll2012l) . Moreover, we find that 
NEC can provide an additional constraint on O,„o and con- 
stant c for the event horizon cut-off, when it is compared with 
OHD only. For example, joint constraint from OHD and NEC 
shows that constant c should fall within (0.45, 1.3) at lcr con- 
fidence level. This also presents the constraint ability of NEC 
when compared with some data. 

Compared with the work of IWu et al.l (120 121) . our results 
are obtained from a much narrower class of models. It should 
be noted that their work assumed a family of discontinuous 
functions as the bases on which the kinematic terms are ex- 
panded. Our result, in contrast, is not subjected to this limi- 
tation. Therefore our analysis cannot be viewed as a special 
case of theirs. Nevertheless, we are able to confirm the major 
features of their results, namely the fulfilment of DEC and the 
violation of SEC. Our method can be used to better pinpoint 
the onset of SEC violation, and is less ambiguous at higher 
redshift. 

It is possible, according to our results, to distinguish NEC 
as the energy condition primus inter pares. The interesting 
feature of NEC can be summarized as follows. For models 
that cannot be well-constrained by the data, we find that NEC 
will also fail to constrain, yielding too generous a bound. For 
the model capable of being constrained by data, NEC gives 
a meaningful constraint that is neither in conflict with, nor 
entirely implied by the data. This feature is neither shared 
by SEC, which tends to be violated, nor DEC, which always 
give trivial bounds. In future analysis of other dark energy 
proposals, therefore, NEC may be a worthwhile theoretical 
consideration before the application of data analysis. 

However, we must note that the data used in this paper are 
certainly to be updated in the future, and the relation between 
data- and NEC -bounds remains an open topic. Future data 
with less statistical uncertainty could, in principle, reduce the 
need of applying an NEC bound. Meanwhile, it may better 
confirm the validity of NEC for all cosmic ages, strengthening 
its role as the "special" energy condition for cosmology. 
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